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ABSTRACT
Simultaneous evolution of plants with useful rizospheric micro flora has allowed the appearance of symbiotic 
partnerships between the radicular systems and symbiotical fungi. Natural grasslands represents a stable complex 
of ecosystems, where the competition capacity of each species is given by the expansion of the root system and 
branching, in addition to the ability to associate with mycorrhizal fungi. Festuca rubra and Trifolium repens plants 
were grown in pots, the percentage of each species in the mixture increasing/decreasing by 10 up to 10%. The 
mycorrhizal circuit was assessed based on the colonization parameters in the root system. For plants with similar 
proportions in the mixture a strong development of young roots is detected while increasing the association with 
mycorrhizal fungi.  The colonization degree decrease is significant only for the high percentages of the specie in 
the experimental mixture. 
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INTRODUCTION
The simultaneous evolution of plants with 
useful rizospheric micro flora has allowed, 
during time, the appearance of symbiotical 
partnerships between the radicular systems and 
fungi appertaining to the  Glomeromycota phylum. 
At radicular level, the mychorrizian fungi have 
indicated a strong ability to develop a powerful 
mycelium, both extra- and intraradicular; thus increasing the degree of access to nutritive 
resources and its transfer towards the vegetal 
partner. The intense extension of extra radicular 
hypha allowed the interconnection of a high 
percentage of plants at the ecosystems level, 
enhancing in this manner their stability through 
the judicious allocation of food resources.   
Natural grasslands represents a stable 
complex of ecosystems, with a high functionality 
of processes for the usage of nutrients. Along with 
the exploration of soil in search for nutrients, a 
phenomenon of competition between species 
appears at the root level. The competition capacity 
of each species is given by the expansion of the 
root system, branching and size of the young roots, 
and also the ability to associate with mycorrhizal 
fungi. The evaluation of dimension and architecture 
of root system of Festuca rubra and Trifolium repens 
species can describe the interaction between the 
species at a below groud level, determining also 
the substrate on which it are installed mycorrhizal 
fungi.
MATERIALS AND METHODS
Festuca rubra and Trifolium plants were 
grown in pots, in pure and associated cultures, 
the percentage of each species in the mixture 
increasing/decreasing by 10 up to 10%. The 
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mycorrhizal circuit was evaluated based on the 
frequency and intensity of the mycorrhization in 
the root system.
Assessment of the mychorrization level was 
performed based on the indicators proposed 
by Trouvelot et al. (1986, quoted by www2.
dijon.inra.fr), frequency (freq) and colonization 
intensity in the system (int sys) , rounded by the 
degree of colonization (col deg) specific to each 
of the analysed radicular system (Stoian, 2011). 
Statistical analysis were conducted with Tukey.
HSD test, from “agricolae” package (de Mendiburu 
et al., 2014) in R Studio (Team R, 2014), and post-
hoc LSD test in Statistica (Statsoft, 2013). 
RESULTS AND DISCUSSION
At plant close proportions in the mixture a 
strong development of young roots it is detected, 
while greatly increasing the association with 
mycorrhizal fungi at both plants. Through the 
participation propagation in the mixture of the 
Festuca rubra species, a non-significant increase of 
the frequency of the radicular system colonization 
is noticed, up to 50% for mixtures with Trifolium 
(Tab. 1) Over this level, a decrease is noticed, the 
frequency reaching values of 78.67%, and also 
73.67%, significantly different to the obtained 
maximum. In the case of Trifolium repens species, a 
fluctuation of frequency is noticed in the 10 – 50% 
mixture participation interval, over this level the 
frequency significantly decreasing up to values of 
62-63% (Tab. 1.).. Both intensity and the degree 
of colonization are oscillating as the percentage 
of Trifolium is growing, but only in the limits of 
20%, which does not cause significant changes at 
radicular level. 
The highest values of the intensity of 
colonization in the radicular system of Festuca 
rubra are noticed at low percentages in mixtures 
with Trifolium, but a decreasing trend can be 
observed once the participation is increased, 
becoming significant once  exceeding the 60% 
level in the mixture (Tab. 1).  A similar trend is 
noticed for the degree of colonization, with the 
distinction that the maximum for this parameter 
is reached at a 20% Festuca rubra participation in 
the mixture.  . The degree of colonization decrease 
is significant only at the highest percentages of 
this species in the experimental mixture.. The 
phenomenon is based on the reduced ability for 
competition of Festuca Rubra, for lower levels of 
participation; the roots produced by Trifolium 
being capable of exploring more elevated sections 
from the soil, thus obstructing the development of 
Festuca’s radicular system.  
The intensity of colonization is ranging 
strongly due to the participation percentage of 
the two species in the studied mixtures (Tab. 2). 
At great percentages of Festuca in the mixture, 80-
90%, significant higher differences are obtained 
only compared to a percentage of Trifolium at 80%, 
respectively 20-30%.  Instead, the colonization 
intensity of the Trifolium radicular system, for 
participation percentages of 40-70%, increases 
significantly compared to the observed values for 
Festuca rubra in high coverage percentages. The greatest differences are revealed at the 
50 – 70% coverage interval for each species, the 
comparative analysis reporting the Trifolium’s 
Tab. 1. Changes in mycorrhizal colonization due to percentage of participation in mixture
Variant Festuca rubra Trifolium repensFreq Int sys Col deg Freq Int sys Col deg
10 % 80.67ab 36.67a 29.69a 88.00a 21.00a 18.65a
20% 84.67ab 35.67ab 30.31a 91.00a 30.00a 27.47a
30 % 88.67ab 33.67ab 29.96a 86.00a 38.00a 32.85a
40 % 95.67a 30.67abc 29.45a 90.00a 40.00a 36.17a
50 % 95.67a 27.67abcd 26.58ab 91.00a 40.00a 36.57a
60 % 90.67ab 26.67bcd 24.29ab 78.00ab 35.00a 27.47a
70 % 82.67ab 23.67cd 19.67ab 72.00ab 30.00a 21.77a
80 % 78.67ab 20.67d 16.37b 63.00b 32.00a 20.33a
90 % 73.67b 20.67d 15.33b 62.00b 28.00a 17.53a
Note: Different letters between parameters denote significant differences (Tukey.HSD test, p < 0.05)
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superior colonization (Tab. 2). The phenomenon 
is based on the weaker rooting ability of the 
Trofolium and its slower development, which 
benefits the instalment of symbiotical hyphal 
networks. At reduced participation percentages, 
10 – 40%, Trifolium repens species is better colonized then the Festuca rubra species, similar differences being noticed also for a reduced 
participation of Festuca in the mixture. 
In the 50 – 70% participation interval of 
Trifolium in the mixture, the maximum potential 
of colonization intensity is noticed, leading to a 
stronger development of the mycorrhizal hyphae 
within the radicular cortex, compared to the same 
mixture participation percentage of Festuca (Tab. 
2). 
The amendments of percentage participation 
for the tested mixtures emphasize significant 
differences between the degree of colonization recorded values for the Festuca rubra and 
Trifolium repens plants (Tab. 3.). Compared to the obtained degrees of colonization for festuca 
at 90% participation, the variants with 40 – 80% 
trifolium recorded significant differences, which indicate the radicular abundance of Trifolium 
at high coverage percentages. Similarly, same 
differences are noticed for a Festuca participation 
percentage of 80. 
At 60 – 70% Trifolium participation in the 
mixture, significant differences are noticed for 
the degree of colonization, when compared 
the same percentages of Festuca (Tab. 3). This 
aspect indicates a higher colonization potential of 
Trifolium plants, and also a stronger adaptability 
at the mychorrizian symbiosis instalment. 
Tab. 2. Interspecies differences in colonization intensity due to participation in experimental mixtures
Var F. rub. 90% 80% 70% 60% 50% 40% 30% 20% 10%
T. rep. Mean 20.67 20.67 23.67 26.67 27.67 30.67 33.67 35.67 36.67
90% 21 0.929 0.929 0.477 0.135 0.080 0.013 0.001 p<0.001 p<0.001
80% 30 0.016 0.016 0.096 0.375 0.533 0.858 0.329 0.135 0.080
70% 38 p<0.001 p<0.001 p<0.001 0.004 0.008 0.055 0.250 0.533 0.721
60% 40 p<0.001 p<0.001 p<0.001 p<0.001 0.002 0.016 0.096 0.250 0.375
50% 40 p<0.001 p<0.001 p<0.001 p<0.001 0.002 0.016 0.096 0.250 0.375
40% 35 p<0.001 p<0.001 0.004 0.030 0.055 0.250 0.721 0.858 0.656
30% 30 0.016 0.016 0.096 0.375 0.533 0.858 0.329 0.135 0.080
20% 32 0.004 0.004 0.030 0.159 0.250 0.721 0.656 0.329 0.216
10% 28 0.055 0.055 0.250 0.721 0.929 0.477 0.135 0.045 0.025
Note: Significant differences marked in red, according to p < 0.05, p<0.01 and p<0.001 in LSD test
Tab. 3. Interspecies differences in colonization degree due to participation in experimental mixtures
Var F. rub. 90% 80% 70% 60% 50% 40% 30% 20% 10%
T. rep. Mean 15.33 16.37 19.67 24.29 26.58 29.45 29.96 30.31 29.69
90% 17.53 0.430 0.586 0.806 0.182 0.064 0.013 0.010 0.008 0.011
80% 20.33 0.006 0.011 0.068 0.449 0.832 0.636 0.552 0.498 0.596
70% 21.77 0.000 p<0.001 0.003 0.046 0.139 0.418 0.491 0.545 0.452
60% 27.47 0.000 p<0.001 p<0.001 0.007 0.026 0.114 0.143 0.166 0.127
50% 36.57 0.000 p<0.001 p<0.001 0.005 0.021 0.094 0.120 0.140 0.106
40% 36.17 0.006 0.011 0.068 0.449 0.832 0.636 0.552 0.498 0.596
30% 32.85 0.130 0.201 0.617 0.548 0.254 0.072 0.056 0.047 0.064
20% 27.47 0.237 0.346 0.876 0.346 0.141 0.034 0.026 0.021 0.030
10% 18.65 0.601 0.782 0.608 0.112 0.035 0.007 0.005 0.004 0.006
Note: Significant differences marked in red, according to p < 0.05, p<0.01 and p<0.001 in LSD test
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Similarly, significant differences are noticed for a 
50% Festuca participation.    The colonization of Festuca rubra species at 
10 – 40% mixture participation tends towards 
significantly higher values then the ones reported for the Trifolium repens species at participation 
value of 90%, respectively 10 – 20% (Tab. 3). The 
phenomenon is based on the low development of 
the Trifolium’s radicular system when dominating 
the mixture, and also the decreased ability to 
compete in short coverage crops.    A similar degree of colonization is observed 
only at percentages of 30 – 40% in the two species 
mixture, the differences being non-significant 
(Tab. 3). The phenomenon indicates the plants 
adaptability to cohabit along other species, 
provided that the dominance status in the herbal 
area is maintained.
CONCLUSION   
As the percentage of participation in the 
mixture decreases in both species there is 
an increase in associating with the symbiotic 
microorganisms, while the size of the newly 
formed root system is increasing.
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